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THE LOS ALAMOS CRITICAL EXPERIMENTS FACILITY PROGRAM

E. J. Dowdy

Los Alamos National Laboratory, Los Alamos. NM 87545 USA

ABSTRACT

Cntical assemblies ol precisely hnown materials and repro-
ducible and casily caleulated geometnes have been constructed ot
the Los Alame . National Laboratory since the [ Imitally,
these assemblies were built to provide information necessany lor
the nuclear weapons deselopmznt effort.  Subsequenth, intenwine
studies of the assembhics themselves were undertaken to provide o
better underdanding of the phivics of the fission process and other
nucdaar resctions i the nudear matetialy from which  these
machines were constructed and in other materials arradiated in
these assemblics. Semu ol these assemblics (notably Jezebod, Flat-
tep. Big Ten, and Godingd hase been used as benchmark as-
semblhies to compare the resulis of expenimental measurements and
computations of certain nucdear reaction paramcters These com:-
patisons are used to validate bath the input audear dals and the
temputstional metheds  Inaddiion o these nermalhy fuied
henchmark aseemblics, other aveembly machings are fucled penaedhe
il to provide specdic and detaiied results for parameter sen-
gt studies for a large number of applicsions Some of these
machines and their apphcationy are desenbed

INTRODUCTION

The Lev Alamos Critical Experiments Faalin (LACEF) was
constructed and continuzs 1o opetate as o facthitn sintable for the
aafe handing of fisale materials in diverse forms and configura-
tons in essentiglly any quantity sulficient for the experimental pur-
poser  And thewe purposes hate been numerous A Histers of
Crital Esperimonts ot Pagaijte: My’ and g companion doucument,
T Envg Yeare b Fopatoe Can.op Sige.” recount mam of these
putposes  In 193, the Pajanto Camvon site was chosen Lot the
apcration of cnitical assembhics because ity iciation from the rest
of the Labowatory would provide the necessary protection of other
Labotatory ates should a crneabiny acondent oceur - This uee of
woiaton for protedien wan maintained 0 the deoen of the
LACFE il The lacilin Teatures three separate. hehih shielded
Labwrgteries known ae bras that are located one-quatter mile frem
the mair labotatorns bulding Fach kiva contama seseral -l ase
sembh machings that are opetated temoeteds lrem Ganteel rosnsan
the man laberatons budding  Speaal nuddear maienals, and even
entin: machines, mas be mosed Trom one biva 1o anather - Pl
materals are routines handivd (remotels when near concaly in o
multitude of configurations AlLphssical Tormes - ol Dind, gas
have bees sudicd  The gencral purpose assembh machines hase
been run at of acar delaved coted with doadimgs ranemg trom g
few hundred grams to hundrads of Niloetamas ol fisale matenal
We aba pioaeered the studs ol superprompt cotal escutsiens in
Lant metal assemblies

MASTER

The abjective of the carly work at the LACEF was to provide
cntivaliny safety guidance in handling, transportirg, and Moring
nuclear weapon components  [o addition (o such safety tests were
cxpeniments designed 10 validate the calculations of the ncutronic
properties of weapons  These types of experiments have continucd
and expanded (o validate computational methods and input Jata
sets for various coafigurations of fissile, reflecting and moduerating
matcrials considered for bath military and civilian applications. A
considerable effort was expended in the 60s and 70s in running
operatioaal checkouts of the protonype nuclear rocket engines.

The measurement data uscd to validate calculations inddude
the peutron and gamma-ray encrgy spectra and the cross seclions
of various materials within thc assembly, integrated over the
neutron energy spectrum. These data are usually obtasned ax:

® spectral indices, the ratios of fission rates of no-
topes with il‘gniﬁcangl‘: diﬂurc_n‘l infeeTa] response,
suchas o L ot "L, " Puy =1 and
o(" Np)ao(® Uk

® the Rossi-g at and above delaved critical,

® the mcasurement of periods resulting from small
reactinty changes above delaved critical,

@ the mcasurement of ncutron population dicaway
for large ncgative reactivity changes from delared
cnlical;

@ the central reactivity coefficients of a Wide variciy
of materials and the spatial variation of the rea-
tivits cocfficients of these materials, and

@ the differential lcahage radiation specira

Yince the last International Seminar on Nudear Crincahin
Safety in Dijor, we have been engaged in an expanded program of
cyperimertation and computation in support of sesersl oltice m
the USDOE,

Some of the more recent actinities have induded the construg
tion of an exact replica of the Little Bov weapon, recommiannng
of the Lot burst dsembls SKUA] the consruchion 4 new e
tealled the Swise Cheese Assembly) for our general purpes o
cal bt machines, the remeasurement of the thickness of Lor o
reflector for a critical vonfiguration with a plutenum sphoe th
measurement of the acuttome properiies ol isolating amd roth one
materuls for urans b pteate-contaming slab tanks and annotar tand -
the ettty of wluble powons an - reactny lor utand nra.
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solution-processing vesscls, both reflected and bare. the reevalua-
tion of source jerk and Rossi-a measurements for reactiviny deter-
minations, the construction of the protorype of a compact puclear
power source, the remeasuremenm of delased neutron parameters,
and the continucd instruction of Special Nuclear Mater,als (SNM)
workers in criticality safcty. Each of these actnviuies is de.cribed in
some detal in the followang

ASSEMBLY DESCRIPTIONS

1. Benchmark Fast Neytron Critical Agsemblics

Of (he benchrzark fast-ncutron critical assemblies Jezebel, Flat-
top. Big Ten and Godiva Jezebel no longer exists  In addition to
those Lsted, another fast-burst assembly, SKUA, has been built but
not yet completely characterized.

a. Godiva IV is the latest in a linc of unreflected enriched-
uranium metal critical aisembtlies. The original spherical “Lady
Godiva™ was constructed 1o delermiqis the critical mass and
peutronic behavior of ay unreflected “LU' sphere. In the later
Godiva machines (such as Godina 1V) cylindrical geometry way
selected for structural s rength and reduced thermal sholkh when
these machines were of erated in the fast-burst mode (operauon
bevond critical on prompt ncutrons alone). These bursty have
been used to demonstrite nuclear pumping of lasers, 1o simulate
fast reactor accident trinsicats in fucl piss: to evaluate responses
of fluors used in clectrooptical imaging systems: to image using
coded apertures and n:utrons and gamma rays to produce short-
lived isotopes. to study radiation response 1o instrumentauon, and
to produce plant life genc e mutations.

b Jezebel was construcied to determine the critical mass and
Beutronic  bebavior of gn unreflected sphere of dclta-phase
plutonium metal (457 2°Pu). Iis support and ceatrol structure
were deugned o moimize eatrancous reflection.  Measurements
with Jesebel suppli:d the same confirmatony information for
plutonium that was ohtained for uranium with Lady Godina The
internal neuteon spectrum and the neutron lifeume and relative
Teachion cross secticns for various isetopes in the Jeszebel neutron
spectrum were measdred

The Jezebel awembls has also been used o assemble un-
(gNected metal sphares of * 7L and of plutonium wath a sigrificant
=" Pu ennchment 1 2u'7). Detailed aeutionics measurcments were
made with each spnere  Comparing the measurement results from
the three spheres provides a more precise understanding of the
neutron.c bechavio- of each of them separatcly.

. rlattop is an assembly whose chara teristics have been firm:
Iv established ov:r many vears of measurements and calculations.
The assembly cquaists of a spherical core of either uranium (93.2%
*Tlhor 817 L) or plutonium (877 ¢ "Pu) metal, anJ a thik,
spherical naturi] uranium reflector.  Because the refllected corea
are diffcrent in size, adapter shells of aatural uranium allow adjust-
ment of the co-c cavity size. Flattop assembly spectra are charac-
tenistically haed at the center and degradea in the reflector  Tais
Position-varvir g acutron spect-um is particulari - useful for ncutron
acthation sturhes and reactivity coefficient mea arements  Inter-
comparisons with the resultv of the same: measu ~ments in the
other beachmiark assemblies provide mtegral reaction £ informa
tin over a wery broad eange of ncutron energies  Jesebei and
Ciodivg have hard spectra, Big Ten has an intermediate spectrum,
and Flattop has a spectrum that is position variable from hard o in-
termediate The details of measurement methods and the com-
plete physecal description of the Jerebel and Flattop assembhies
and Godio 11 are tound 0 the December 190 1ssue of Nudear
Saena and Engineering Crodiva 1V 1y deseribed in Relerence V

d. Big Ten is a normally-fueled version of a horizonial spla
table critical assembly made of wranium metal. The core is com:
posed of a central section of homogeneous 107 enriched uranium
enclosed in a region of aliernating 93¢ enriched and natural
uranium plates simulating an overall 105 enrichment. The oulir
reflector is depleted uranium The composition of Bie Ten is such
that the central peutrea spectrum is comparable to that of the Li-
quid Metal Fast Breeder Reactor (LMFBR) so that verification of
cross-sect.on scis in Big Tea would validate them for LMFBR cal-
culations. However, the greatest utility of the machine is in com-
parisons of the measured and calculated reaction rates in samples
that can be introduced into the central region of the core. Beiause
this machine has a highlv reproducible geometr, and — like Flattop,
Gudiva 1V, and Jezebel — has been very well characterized. it too 18
considcred a bench-mark assembly. The reaction rate comparisons
for Big Ten, then complemen: the same comparison for Jezebel,
Gudiva, and Flattop. and together these form an impressive in-
tegral test of cross-tection sets and computational methods
Rticrence 4 is a complete description of the Big Ten assembly

c. SKUA is the sixth fast burst assembly (the othcrs veing
Lady Godiva, Godivas 11, U, IV, and Moly G-WSFBR) to be
devcloped at Los Alamos. The fuel is enriched uramum, U'(23),
metal, alloyed with 1.8% molybdenum in the form of o hollow right-
circular cviinder made up of a stack of 12 annular rings. This stach
is 3.5 ¢m high with nominal 24.1 cm and 31.8 cm inside and out-
side diameters, and weighs 188 kg Reactivity control is achicved
with six copper refllector «egnients, three of which mewe by
bvdraulic actuators in the radial direction 10 pronvide  the inde-
peadent major shitdown or SCRAM mechaaisme  The other three
are rotating control drums. The central flucnce in SKUA is a dac-
tor of § larger than that of Godiva IV, SKUA is described in devail
in Relerence 5.

2 ) ssembly hings

a. The Honescomb Critical Assembly is a universal harizental
split table machine containing a 183-mi6 ft)-cubical matriy of "o
mm(} in)-square aluminum tubes. It is designed to sene gy a
feuhle sysiem for intial mockup studies for basic eritical
parameter investigations.  Fucl inventory consists of various fisale
species suzh as 330 kg of 0.08-mm-thick L't02%7) foils with widths
and lengths appropriate to the aluminum matrix tubes  Controhs
and safety rods utihize sections of the core or reflector materials for
their function aud major disassembly is provided Iy the movabls
section of the table. Honevcomb was recently stacked with o U'0);-
MO (core), Be (reflector) mockup of a space power reactor.

b. The Comet machine is @ geueral purpose vertical assembly
aachine that has been used foi many criical determinations and
vucle wr safety studies. It is basically a support stand with means
for bringing two parts of a configuration ogether A hydraulic ram
brings & lower table up to position near the top platform hol ine
part of the SNM.  Sccondary vernier motion on top of this tahle
bringing the remainder of the core together v accomplished by
means of a screw-driven platform powered by a stepping motor,
with accurate postion rez2 jowt in the contral room  Comud
provides a flexsble facility for conducting a varicty of cxperiments
on short antice. Comdt was emplesed in a serics of measurements
to evaluate **~Pu ctoss vections and is used for vanous stackings o
interest to crit:cality safety and other code vahidstion expen wnis

¢ Venas and Mars are heasy duty serlical Il el
machines  Ther contint of a tugged stand and a hvde e aomeder
recessed into the oo, A cart and track arrangement permis com
ponents to be posittened mer the bydraulic pratan or remened b
miote aceesible area oy desired. These machines were bait o (b,
Rover tnudcar reckety program and were used - ontie a ™
dutirg that program Lor a witde range of mackup studice Mar
wed lor a sudy of gaseous core reador concepts and s b
tor the Compad Sudear f'ower Source reactor aitieal oy,



ments. Venus is being used for the uranyl nitrate storage 1anh criti-
cal experiments,

d. Sheba is a bare assembly fueled with a solution of ap-
proximately 5% cariched uranyl fluoride mwitially stored in two
horizontal 28.4-cm-diameter by 1.5-mm-long “safe” stainless stecl
tanks. The solution is transferred to the reactor cavity (a S6-cm-
diameter by 1.3.m-high stainless steel tank with 0.64-cm-thick
walls) by evacuating the cavity while applving helium pressure to
the storage tanks, A completely clean geometry is provided in this
simple cvlindrical system, because reactivity control is affected by
varying the solution level. A “safety rod” may be inserted in a
central thimble to provide fast shutdown. The original purpose
was to provide a radiation source similar to those in proposed
centrifuge processing plants to set a standard for calculations and
to evaluate eriticality accident alarm detectors and personncl
dosumetry.

EXPERIMENTAL PROGRAM

1 Liwlg Bos Repliva

The pnon-nuclear components of 8 Hiroshima-type bamb that
had been retired from stockpile and stored at Los Alamos were
used in this set of measurements. Those components were
mounted on the Comet Assembly machine and the [issile material
incerted via the hydraulic lift platen and lead screws of the assemb-
I\. Three basic types of experiments were done. cnitical separation
distance measurements to establish the upper limit for the vicld of
the device dropped on Hiroshima: leahage neutren and gamma ray
energy spectra measurements to compare with calculations, and
phenomenological experimants invohing the measurement of radia-
tion fields and the expocure of roof tiles, power hine insulators and
whule blood.  For the critical separation measuremcats, fissile
parts were fabricated using the onginal Hiroshima bomb drawings
and specification sheets  For the spectra and phenomenological
meuasurements, an amount of fissile material just sulficient to allow
sustained operation at delaved critical was used  Measurements
were made both wath the assembly inside the assembly building and
on a stand outwide the building. The replica measurements are of
immense value in resolving uncertainties in the caleulations of the
output of the Hiroshima device.

2 )b niym S

We arc repeating a 1958 Lawrence Livermore National
Laboratery (LLNL) expeciment on the thickness of hersllium
reflector required 1o make a sphere of plutonium critical. This ex-
periment i« being conducted to attempt to resolve a long-standing
discrepancy herween the earlier measurement resulty and all sub.
sequent calculations of those results We are reducing the mass of
the sphere and increasing the thickness of beryliium in this serics
of measurements with the objective of determining the minimum
mass of plutonium for an infinitely thick bersllium reflector. We
began the senies with a stainless steel clad 4.5 kg sphere of a-phase
plutonium and hersihum reflector hemishells larger than the thick.
ness calculated to take the svstem critical  Using the Comet As.
sembly Muachine, we meawred the critical separation distances be.
tween the hemishells as material way removed from the outside
radius of the hemushells  The fing] machining to i berslhum thick.
ness of B WS om produced a closed configutation that was siightiy
supercrinical at room temperature but subcriticsl at an clevated
tlempersture resuling from internal intnaae heating ot the
plutenium  Our cureent estimate for the 20 °C entical berslhum
reflector thickness for the 4 8-k plutomum sphere s & Y em, com-
patesd with the tuss LUNL result of 240 ¢m and the present Monie

Carlo code calculaicd value of 7.26 cm. The search for the reasons
for the remaining discrepancy continues.

3. Shab g nnylar Sto k

Westinghouse Idaho Nuclear Corporation (WINCO) re-
quested that we make measurements, under the auspices of the
USDOE Office of Nuclear Materials Production, on proposed
storage arravs for highly enriched uranyl nitrate solutions so that
comparisoas berween computed keff and the measured or cxtrapo-
lated delayed critical condition could be made. Two tipes of in-
dividual storage 1anks were envisioned: an annular tank and a slub
tank. In both cases. the cffects of isolating. modcrating and reflect-
iDg materials were determined.

_ Thbe anoular tank bad an outer diameter of 76 cm and an inner
diameter of 57 cm and a height of 179 cm (all dimensions ap-
proximate). The uranyl nitrate solution had a concentration of
0.2092 gU' gSolution with a density of 1.4228 gSolution.cm® and an
enrichment of 937 The bottom of the tank was 0.95 cm thick an:l
the Iradial and top walls were 0.32 cm thick (all 304 L stainless
steel),

The three cvlindrical “slab’ tanks used in these experiments are
-A5 in. in diameter and the inner axial heights are 425 ¢cm.
9.04 ¢m, and 10.74 cm. Each tank wac filled with 93.1 w5 *¥U
uranyl-nitrate solution containing 405.2 g1 uranium with an overall
density of 1.558 g 1.

The fluorinal and storage (FAST) dissclver built bv WINCO
uses » soluble boron compound for criticality prevention. To
validate the criticality code used by Westinghouse, Lus Alamuos
Nuional Laboratory designed and performed a series of expori-
ricnls intended to simulate the important ncutronic characteristics
aof the FAST dissolver. For that purpose, a nickel-reflected selu-
tion assembly fueled with highly esrichcd uranyl-nitrate solution
conlaining relatively high concentrations of boron was buill. An
outcr reflector repion was designed to allow cither no reflector
(air) or a water refl=clor, whereas the inner reflector region was
designed to allow po reflector (air) or a 12.7:mm-thick (0.5-in)
nickel reflector. Hence, four reflector configurations were pos-
sible: (1) outer reflector of air and inner reflector of air, (2) outer
reflecior of air and inner reflector of nickel, (1) outer reflector of
water and ioner reflector of air, and (4) outer reflector of weater
and inner reflector of nickel. The reactor was fueled with uranyl-
nitrale containing 0% = 1 g1 93157 enriched uranium. B 1w
acid (cariched in "B 10 52.3 atm 7 ) was dissolved into the uraml-
nitrate solution in a step-wise fashion. The critical height for the
four differeat reflector configurations was measured as a function
of boron concentralion. A total of 29 delayed critical condinens
were achieved with seven matural boron concentrations rancing
from 0 1o 7.46 grams per liter and the various reflector combina.
tions

5. Charpcterization of Reactivits Measpring Mgthonds

Recent intcrest 1n measuring kerr < = 1 hav spureed the
derclopment of several new techmques and revined mierest e
recied old, but seldom used, techniques,

There iv a general mistrust of any measurement of ko ob
tained in subcritical systems for which herr = =1 Thes mutpedt v
justifiable, as herr departs farther trom 10, spatial varatiene i th,
neutton flux can produce biases in the measurcnent dependne on
ll_u' exact location of the detector(s)  The mapmitude o the |
biases av a funciion o Kegr hay nut vet been determonad i ans



svsematic fashion, hence 1t s unhnown of these techniques can be
adapted successiully to measure ke 1o highh subenitical swatems

A spzeial assembl wac built to pronde an assoriment of holes
in which sources or detectors car be piaced The assemb iy conasts
of thun uranium fuils sandwiched betueen 1 -thuck acrilic rean
plates  The plates are stached to obtain a ke that range- from |
to 10 Numcrous boles dnlled nte the acnbic plates wall be
piucged with acnylic rods whern they are not occupied by exther a
sourcs or a detector Thus, comes the name Swise Cheose Ase
sempbiy Lot thic new apparatus

Eicht deteiiors can monitor each experniment  Among the
class o experiments we are conducting s the source aerk using
the interse hnetice techrigue  Apother is an electronicalily sophati
cattd Rossi-a” W are expecting that ourversaule Swiss Cheese
Assembh waill allow ue to make somficant iumprovements an our
abihiy to determine here from measurement dars Using a techa-
que developed at Los Ajamos, the signals wii be anahzed both n-
dividually and as an appropriatz!s averagrd ‘net signal to deters
mine the vanation 1o heor as well ac the best esumate of ke The
detecror and source Jocations wi alse indude positions extersal 1
the assemby

6 The Comnract Nuydear Power Sayece Roagtor

We have construct=d a prototvpe of a graph:

enriched uramium 20T fueied power sourcr ana bae bl
deaenad for fong bre sabie generaien of approumotcs 3o

e
heat pipec carrare the proman thermal heat from the (o
are making arpreach o cnaal measuremente readte s wnt

crermunabions Lor gl full and structuras matzrale and coatron o
monts temperature Gooflaoni of reaconan and fission Doy pr e

Moanurimonos

wails elactne powor usine an organie Rankine owle cperated
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